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Abstract 1 
Objective: This cohort investigation identified primary predictors of discharge walking function 2 
of non-ambulatory individuals post-stroke with high-intensity training (HIT) during inpatient 3 
rehabilitation.  4 
Design: Observational cohort investigation.   5 
Setting: Inpatient rehabilitation.  6 
Participants: Data were collected from 257 individuals < 6 months post-stroke who required 7 
assistance to walk at admission.  8 
Intervention:  Clinical physical therapy interventions attempted to maximize stepping practice 9 
at higher intensities (HIT).  10 
Main outcome measures: Primary outcomes included the discharge level of assistance required 11 
during walking (minimal or no assistance) and attainment of specific gait speed thresholds (0.4 12 
and 0.8 m/s) during the 10-meter walk test (10MWT).  Independent predictors were 13 
demographics, training interventions (including steps/day), baseline Berg Balance Scale (BBS) 14 
and paretic leg strength. 15 
Results: Participants performed a median (IQR) of 1270 (533-2297) steps/day throughout 16 
inpatient rehabilitation, with significant differences between those who walked with vs without 17 
assistance at discharge. Logistic regressions indicate steps/day was a primary predictor of 18 
unassisted walking recovery; removal of steps/day resulted in primary predictors of baseline 19 
BBS and strength.   Receiver operating characteristic (ROC) analyses indicate significant areas 20 
under the curve for BBS, and relatively low cut-off scores of 5.5 points at admission to walk 21 
without assistance at any speed.  ROC analyses performed using 1-week outcomes indicate BBS 22 
scores of 5-17 points were needed to achieve locomotor thresholds. 23 
2 
Conclusion:  Stepping activity, BBS and paretic leg strength were primary predictors of walking 24 
outcomes in patients performing HIT, and ROC analyses indicated recovery of independent 25 
walking could be achieved in low functioning patients early post-stroke.   26 




10MWT – 10-meter walk test 30 
6MWT – 6-minute walk test 31 
AUC – area under the curve 32 
BBS – Berg Balance Scale 33 
HIT – high intensity training 34 
HR – heart rate 35 
HRmax – maximum HR 36 
FIM – Functional Independence Measure 37 
LoA – level of assistance 38 
ROC – receiver operating characteristics 39 






Recovery of independent ambulation is often a primary goal of rehabilitation for individuals 45 
post-stroke but is limited by the impairments in strength, balance, and endurance1. Fortunately, 46 
80-90% of individuals post-stroke ambulate at 6-months post-injury2. During the initial recovery47 
process, about 40% of individuals walk with minimal or no assistance at 1-month post-stroke3, 48 
and the probability of  recovery of independent ambulation in those who are initially non-49 
ambulatory is substantially lower4.   Previously published algorithms indicate demographics3-6 50 
and clinical characteristics3,7-10, including age5,6, strength and postural deficits6-10, and the 51 
amount of walking assistance at admission7,11, can facilitate prediction of walking recovery at 52 
pre-specified time points. For example, Bland and colleagues indicated Berg Balance Scores 53 
(BBS) ≤ 20 points and total or maximum assistance for walking at admission were likely to 54 
predict gait speeds < 0.40 m/s at discharge7.  Louie et al8 also suggested BBS > 29 at admission 55 
to inpatient rehabilitation was predictive of achieving > 0.8 m/s. Prediction of walking recovery 56 
has important clinical implications, including informing clinicians regarding an individual’s 57 
recovery potential or discharge disposition12,13. 58 
Regardless of differences in predictive algorithms described above, most models include very 59 
limited description of physical interventions provided during rehabilitation6,7,10,14. However, 60 
observational studies of standard clinical interventions indicate provision of minimal task-61 
specific practice15-18 at lower cardiovascular intensities19-22.  Conversely, research over the past 62 
decade indicates significant contributions of the type and cardiovascular intensity of 63 
interventions on walking outcomes23-25. Specific studies have identified dose-response 64 
relationships for both the amount (steps/day) and intensities (i.e., >70% age-predicted maximum 65 
heart rates [HR])) of stepping practice on gait speed and distance in individuals <3,26 and >6 66 
5 
months27 post-stroke (see also 28,29 ). In patients early post-stroke receiving inpatient 67 
rehabilitation during which high intensity training was prioritized during clinical physical 68 
therapy sessions, steps/day was also the primary determinant of recovery of independent 69 
walking, which in turn was the primary predictor for discharge to home.3,14 Preliminary data 70 
suggest relatively low BBS scores at admission or following the first week of rehabilitation (5-10 71 
points) may be sufficient to achieve independent ambulation at discharge3. 72 
Few investigations have thoroughly delineated the relative contributions of demographics, 73 
clinical presentation and training activities on locomotor outcomes, particularly with high-74 
intensity training (HIT) with attempts to maximize stepping practice. The purpose of this study 75 
was to develop algorithms that facilitate prediction of walking function at discharge from 76 
inpatient rehabilitation using available demographics, clinical characteristics and training 77 
parameters when attempting to provide HIT focused on maximizing stepping activity as standard 78 
care. Based on previous findngs3, we hypothesized that stepping activity would be a primary 79 
determinant of walking outcomes, with secondary predictors of strength and balance that could 80 





 The present study details demographics, clinical outcomes and details of rehabilitation 85 
interventions from patients < 6 months post-stroke receiving inpatient rehabilitation on one of 86 
two primary stroke units at a single rehabilitation facility.  During clinical physical therapy 87 
sessions, therapists attempted to maximize stepping activities and achieve high cardiovascular 88 
intensities as possible. Preliminary analyses of the first cohort (n=201) focused on the feasibility 89 
of providing HIT during inpatient rehabilitation and the outcomes achieved in both non-90 
ambulatory and ambulatory participants3.  In the present study, data from an additional patient 91 
cohort (n=126) were collected and combined with the original cohort of patients who were non-92 
ambulatory upon admission. The present study focuses only on different levels of recovery in 93 
patients who could not ambulate without physical assistance upon admission (n=257).  94 
Study Sample and Design 95 
 Individuals with a diagnosis of new stroke <6 months prior to admission to inpatient 96 
rehabilitation were consecutively enrolled and prospective and retrospective analyses were 97 
approved by the local Institutional Review Board. Additional inclusion criteria included 18-89 98 
years old and able to follow a one-step command. Participants were excluded if they had 99 
restrictions in lower extremity weightbearing (e.g., amputation or fracture) or additional 100 
neurologic or orthopedic disorders that limited ambulation to < 46 m (150 ft) prior to their 101 
current injury. Per local institutional review board policy, participants were also excluded if they 102 
were pregnant or HIV positive. Demographic information were extracted from medical records 103 
as possible and included: gender, age, duration poststroke upon admission to inpatient 104 
rehabilitation, lesion side, type (ischemic/hemorrhagic/unknown), distribution (classified as 105 
cortical [anterior, middle, or posterior], subcortical, subtentorial [brainstem or cerebellar], or 106 
7 
multiple lesions30. The Charlson Comorbidity Index31 was also calculated, with the most recent 107 
stroke excluded. 108 
Intervention 109 
 The primary goal of the interventions was to attempt to maximize volitional stepping practice 110 
at high cardiovascular intensities (70-85% HRmax) during inpatient physical therapy sessions. 111 
The amount of stepping activity was recorded per minute from approximately 7:30 AM to 5:00 112 
PM on weekdays throughout the length of stay using validated accelerometers worn on the 113 
paretic ankle (StepWatch 3, Modus Health LLC, Washington DC). The prescribed training 114 
paradigm has been previously detailed in controlled studies26,27,32 and in the clinical setting3,29. 115 
Briefly, interventions were performed on a treadmill, stairs, or over ground with body weight 116 
support and/or physical assistance provided only as needed to complete the task of walking, with 117 
limited consideration of kinematics. Interventions targeted aerobic training ranges (70-85% 118 
HRmax as measured using pulse-oximeters with forehead sensors (Rad7, Masimo Inc, Irvine, 119 
CA), with ranges decreased by 10-15 beats/min if prescribed beta-blockers), and Borg Rating of 120 
Perceived Exertion33 (RPE; ordinal 6-20) > 13 (“somewhat hard”).  The intensity and difficulty 121 
of stepping activities were progressed as able and included reduced physical assistance, 122 
increased speed, increased resistance (ankle weights or weighted vests), and progression to 123 
uneven and unstable surfaces in multiple directions.  Treating therapists were educated and 124 
trained on this general stepping paradigm described above although explicit expectations 125 
regarding the types, environments, and durations of individual activities were not provided. 126 
Rather, treating physical therapists determined the types of stepping activities performed based 127 
on their clinical judgement and availability of necessary equipment and support personnel.  128 
8 
Preliminary analyses suggested median (interquartile range) heart rates of 70% (62-76%) 129 
predicted maximum were achieved, with median RPEs of 16 (15-17)3. 130 
Outcomes 131 
 Outcomes were assessed at admission, weekly, and at discharge, and included the 6-minute 132 
walk test (6MWT), 10-meter walk test (10MWT), and Berg Balance Scale (BBS). The 6MWT 133 
was administered with the directions to “cover as much ground as possible” over a specified 134 
course on the rehabilitation unit34. Physical assistance for the 6MWT was provided as needed, 135 
with the level of physical assistance (LoA) documented using an ordinal 7-point scale similar to 136 
the FIM for walking (1=total assistance [patient performs 0-24% of task]; 2=maximum [25-137 
49%]; 3=moderate [50-74%]; 4=minimum [75-99%]; 5=supervision; 6=modified independent; 138 
7=independent; with no distance requirements3. The 10MWT was administered using the 139 
directions ‘walk at your usual, comfortable pace’ and physical assistance was provided as 140 
necessary2. The BBS was used to assess postural stability during sitting and standing tasks35.  141 
Manual muscle testing of the paretic lower extremity was only performed at admission using a 142 
standard 0-5 scale averaged over the dorsiflexors, plantarflexors, and hip/knee flexors and 143 
extensors. Other information extracted from the medical record included FIM scores for bed 144 
mobility (FIM-bed), toilet transfers (FIM-Toilet), and walking subscores (FIM-Walk). 145 
Statistical Analysis 146 
 Demographics, training interventions, and clinical discharge outcomes were tabulated, with 147 
outcomes utilized only with primary measures at admission.  Missing data were imputed for 148 
6MWT/10MWT upon initial admission, with 0 m or 0.0 m/s entered for distance, and total 149 
assistance (score=1) entered for LoA only if documentation of admission FIM-Walk indicated 150 
total assistance or not attempted.  For week 1 and discharge outcomes, data were imputed from 151 
9 
the last outcome carried forward. Primary outcomes included BBS, 10MWT, 6MWT, 6MWT 152 
LoA (admit, week 1 and discharge), with 10MWT LoA not included given the high correlation 153 
with 6MWT LoA (r=0.86). Participants were characterized as non-ambulatory if 6MWT LoA≤4 154 
or ambulatory if 6MWT LoA≥5. 155 
 Data were not normally distributed (Shapiro-Wilk tests) and presented using medians and 156 
IQRs. Spearman’s correlation analyses determined associations between selected demographics, 157 
details of training activities, and clinical characteristics at admission with primary outcomes at 158 
discharge (adjusted α=0.00125 with 40 comparisons).  Conditional logistic regression was also 159 
performed to evaluate contributions of independent predictors to discharge walking function 160 
dichotomized by LoA≥5 vs LoA≤4 at discharge. For these analyses, Spearman’s correlations 161 
were used to test for multicollinearity between independent variables (rho >0.70), in which case 162 
parallel models were created8.  In the present analyses, the strengths of correlations between all 163 
primary outcomes with other assessments at admission were similar, and BBS was chosen due to 164 
the potentially greater sensitivity to change throughout the 56-point scale and its relative 165 
contributions as detailed in other studies7,8.  The resultant logistic regressions were subsequently 166 
calibrated by plotting observed vs predicted recovery of independent ambulation. Receiver 167 
operating characteristic (ROC) analysis was performed using the primary predictors identified 168 
from the logistic regression at the 1st and 2nd week of admission.  The area under the curve 169 
(AUC) was identified, as well as the cut-off scores from the highest combined sensitivity and 170 
specificity that best distinguished the ability to reach specific threshold of walking independence 171 
and gait speed, including LoA≥4, LoA≥5 at >0 m/s, ≥0.4 m/s, and ≥0.8 m/s. All analyses were 172 




Retrospective data analyses on demographics, clinical characteristics and training 176 
interventions were performed on 327 patients < 6 months post-stroke receiving inpatient 177 
rehabilitation.  The specific analyses in this study focused on 257 patients who were non-178 
ambulatory at admission (i.e., requiring assistance to walk or LoA≤4). Table 1 provides 179 
demographic characteristics and admission outcomes for the entire population, and separated by 180 
those who remained non-ambulatory at discharge (LoA≤4) or those who became ambulatory 181 
without assistance (e.g. LoA≥5).  Approximately 79% of patients were admitted ≤ 30 days post-182 
stroke, with most < 65 years old (58%) and half (51%) with inpatient lengths of stay ≤ 30 days.  183 
Those who required assistance at discharge (LoA≤4) were admitted to rehabilitation significantly 184 
later than those who attained LoA≥5 (17 vs 12 days, respectively) and presented with lower 185 
strength scores, BBS, and FIM transfer scores (Table 1).  186 
 Table 1 and Figure 1 also detail the therapy interventions, including a median of 33 sessions 187 
over 30 days.  There were no differences in total PT sessions between individuals with LoA≤4 vs 188 
LoA≥5 at discharge, although there were significant differences in lengths of stay (longer for 189 
LoA≤4) and sessions/day (favoring LoA≥5). Median steps/day across all individuals was 1270 190 
(553-2297), with large differences between those who were LoA≤4 vs LoA≥5   Figure 1 191 
delineates steps/day throughout the length of stay in individuals delineated by LoA at discharge 192 
or reaching specific walking speeds. 193 
 Primary outcomes at admission to inpatient rehabilitation, week 1 and discharge are provided 194 
for the entire population and separately for those LoA≤4 and LoA≥5 at discharge (Table 2). 195 
Significant differences in outcomes were observed between separated groups at every measure, 196 
with much larger differences at week 1 and discharge. Correlation analyses revealed that 197 
steps/day throughout the length of stay demonstrated the strongest correlation to BBS and 198 
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walking outcomes (10MWT, 6MWT and LoA; Table 3). In contrast, admission BBS or walking 199 
scores demonstrated lower but significant correlations with discharge outcomes (range 0.46-200 
0.61). Conditional logistic regression analyses also indicate steps/day as the primary determinant 201 
of LoA≥5 at discharge at admission, and as a secondary determinant at week 1 (Equations 1-2; 202 
Supplementary Table 1).  203 
Eq 1:  ln  p1-p =0.97*
steps
1000*day + 0.26*strength + 0.06*admit BBS - 1.92;   
Eq 2:  ln  p1-p =0.12*week 1 BBS+0.75*
steps
1000*day  -2.1; 
 Given the lack of equipment in many other clinical settings to monitoring stepping activity, 204 
steps/day was removed as an independent predictor during subsequent logistic regressions. Other 205 
predictors, including admit BBS, 10MWT, 6MWT, and 6MWT LoA were all highly correlated 206 
(rho=0.67-0.82) with each other, and parallel regression models were generated revealing similar 207 
findings.  However, the primary independent variable remained the BBS scores given its 208 
importance in previous studies7,8 and the greater sensitivity to change throughout the 56-point 209 
scale.  Resultant analyses revealed significant predictors of admit BBS, with secondary 210 
contributions of paretic strength, duration post-stroke and age at admission (Equation 3, Fig 2A), 211 
Regressions at week 1 indicate BBS was the sole predictor of unassisted walking ability 212 
(Equation 4, Fig 2B; Supplementary Table 1).  213 
Eq 3:  ln  p1-p =0.09*admit BBS + 0.48*strength - 0.02*duration - 0.03*age + 1.2;  
Eq 4:  ln  p1-p =0.16*week 1 BBS - 1.5;   
Model calibration was assessed by plotting observed vs predicted recovery of ambulation, 214 
revealing very good accuracy with slopes ~1.0 and strong associations (r2=0.92 for Equation 3, 215 
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r2=0.94 for Equation 4).  The data utilized are provided in Supplementary Table 2 with predicted 216 
vs observed plots depicted in the Supplementary Figure. 217 
 To facilitate clinical implementation, regression models were simplified by limiting 218 
independent predictors to clinical measures of strength and BBS and coefficients were adjusted 219 
to minimize calculations (please see 36 as an example).  For example, logistic regressions at 220 
admission revealed strength scores with nearly 3-fold larger coefficients than BBS, and the 221 
model was simplified by using the raw values of both 3*strength and BBS on the x-axis 222 
coordinates (absolute errors between the actual vs simplified models were <0.9%; Fig 2C).  223 
Similarly, week 1 BBS scores were the sole predictor of walking independently and the x-axis 224 
was scaled accordingly (Fig 2D).  225 
 The original and simplified models are provided in Fig 2A-D. Median admission scores for 226 
paretic limb strength (0.6) and BBS (3) for those with LoA≤4 at discharge are represented, with 227 
similar data provided for a representative patient who was ambulatory at discharge (LoA≥5; 228 
median strength=2.5; BBS=6).  As depicted in Fig2A and C, the representative non-ambulatory 229 
patient at discharge (LoA≤4) revealed a 38% probability of recovery of independent walking, 230 
whereas a representative patient who was ambulatory at discharge (LoA≥5) had a 68% 231 
probability of unassisted walking.  For week 1, median BBS scores for those who were non-232 
ambulatory (LoA≤4) at discharge was 4, indicating a 31% probability of independent walking.  233 
For those who were ambulatory (LoA≥5) at discharge (median week 1 BBS=20), the probability 234 
was79% (Fig 2B and D). 235 
 Additional conditional regression analyses were performed for specific thresholds of gait 236 
performance (LoA≥4, LoA≥5, ≥0.4 m/s, ≥0.8 m/s) with equations provided in Supplemental 237 
Table 3. BBS and paretic strength were the primary determinants at admission, with variable 238 
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contributions from age, duration post-stroke and other variables.  For week 1 scores, BBS was 239 
the primary predictor for all thresholds of locomotor recovery.  240 
 ROC analyses were performed to estimate the ability of demographic and clinical outcomes 241 
to predict locomotor recovery at the specific thresholds described previously. Table 4 details 242 
specific cut-off values and significant areas under the curve (AUCs) for age, duration post-243 
stroke, strength and primary clinical outcomes at admission and week 1. The AUCs for all 244 
primary outcomes and strength were significantly greater than age and duration post-stroke.  245 
Admit BBS>5 appeared to best differentiate those who would reach LoA≥5 at any speed, with 246 
slightly lower values for those able to achieve LoA≥4 (BBS>3).  For walking outcomes, 247 
admission LoA>2 best differentiated recovery at all levels, with very low cut-off values for 248 
walking function needed to achieve LoA≥4 (10MWT:0.01 m/s, 6MWT:2 m) or LoA≥5 249 
(10MWT:0.03 m/s, 6MWT:6 m).  At week 1, however, AUCs were significantly greater than 250 
admit AUCs for corresponding outcomes, with greater walking ability required to achieve the 251 
specific levels of walking function. Notably, week 1 cut-offs for 6MWT LoA ranged from >2-3 252 
indicating moderate to minimal physical assistance, and BBS cut-off scores ranged from >5 and 253 
>16, respectively. 254 
 255 





 The current study details changes in walking and balance outcomes throughout the course of 259 
inpatient rehabilitation in individuals who were initially non-ambulatory early post-stroke 260 
(LoA≤4), and the clinical measures and cut-off scores that predict varying levels of walking 261 
recovery at discharge.  With attempts to provide HIT throughout patients’ length of stay, logistic 262 
analyses revealed steps/day were the primary determinant of walking function, with BBS and 263 
strength as additional primary predictors. Subsequent ROC analyses at admission and at 1 week 264 
revealed those with substantial strength and balance deficits may still recover walking function 265 
without physical assistance at discharge. 266 
 Previous studies suggest recovery of independent ambulation is a primary determinant of 267 
discharge to home following inpatient rehabilitation, and logistic and ROC analyses to predict 268 
walking outcomes following HIT in non-ambulatory individuals have not be performed.  269 
Importantly, most predictive algorithms do not detail the types and amount of physical therapy 270 
activities provided7-10, which have been shown to influence locomotor outcomes following 271 
subacute and chronic stroke3,26,27,32.  Consistent with preliminary analyses3, teps/day was the 272 
primary predictor of walking ability, with secondary predictors of baseline clinical assessments 273 
and selected demographics. The association between steps/day and outcomes may reflect the 274 
importance of stepping activity, or indicates those with higher function achieved greater amounts 275 
of steps.   Regardless, the important finding may be is the potential influence of the amount of 276 
stepping practice provided, which was ~5-fold greater than published reports of stepping activity 277 
during traditional inpatient rehabilitation (~250 steps/session)15,18. These stepping amounts may 278 
have influenced the predictive algorithms of walking recovery, as demonstrated previously. 279 
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 Removing steps/day as a predictor in logistic regressions and ROC analyses resulted primary 280 
predictors of admission assessments (BBS, 10MWT, 6MWT and LoA, and strength) as main 281 
determinants of walking recovery, . We focused primarily on the BBS, however, given the 282 
sensitivity of BBS in patients with severe motor deficits.   Our findings are consistent with 283 
previous studies emphasizing the contributions of these clinical variables to walking outcomes 284 
post-stroke7-10, and approximation of these equations are provided to facilitate clinical 285 
implementation (Fig 2C-D).   286 
 The subsequent ROC analyses performed to identify predictors and cut-off scores for 287 
attainment of specific discharge levels of walking ability also allowed comparisons between 288 
different predictive algorithms from other studies.  For example, a BBS>5 in this study predicted 289 
walking recovery without assistance (LoA≥5) and achieving >0.4 m/s or >0.8 m/s at discharge; 290 
this value is substantially lower than previous studies to predict similar walking speed thresholds.  291 
For example, in determining which patients early post-stroke could achieve 0.4 m/s or 0.8 m/s at 292 
discharge from inpatient rehabilitation7,8, admission BBS >207 or > 298, respectively, were found 293 
to be predictive of attaining these gait speeds. Cut-off scores for BBS at 1-week post-admission 294 
indicate BBS scores >16 points for 0.8 m/s, which is smaller than the scores from other studies.  295 
Differences in findings here as compared to other studies are not certain, as the sample 296 
populations described appear to be similar if not lower functioning in this present study (e.g., 297 
median BBS=5 vs mean BBS =15,5-167,8).  As suggested above, however, differences could 298 
suggest the influence of a modifiable treatment variable, specifically prioritizing stepping 299 
practice at higher intensities, on walking recovery in those with substantial impairments.  300 
Study limitations 301 
16 
 
 Primary limitations of this study include the lack of a control group and long-term follow-up.  302 
A recent study used a historical comparative effectiveness design to demonstrate improved 303 
magnitude of rate of recovery of locomotor outcomes following vs prior to implementation of 304 
HIT in inpatient rehabilitation29.  However, that study lacked follow-up evaluations as well, and 305 
the data were collected in individuals with much higher admission walking and balance scores in 306 
a different health-care system.    Performing this type of study in other settings and contexts 307 
more similar to US rehabilitation systems with long-term follow-up may provide better 308 
understanding of the comparative effectiveness of HIT during inpatient rehabilitation on long-309 
term prognosis. An additional limitation of this study includes limited understanding of the 310 
potential influence of patient height and weight, as larger patients may be more difficult to 311 
mobilize early post-stroke.  A further limitation is the lack of description of psychological 312 
factors, such as depression or patient tolerance to exercise prior to or following the stroke, which 313 
may contribute to their willingness to participate in HIT.  314 
   315 
Summary/Conclusions 316 
 The present data suggest steps/day, BBS and strength are primary predictors of locomotor 317 
outcomes in non-ambulatory patients post-stroke when HIT that prioritizing stepping practice is 318 
provided during inpatient rehabilitation. Comparison of predictive cut-off values revealed much 319 
lower BBS scores may be needed to recover specific thresholds of walking recovery.  Further 320 
research is required to assess the potential influence of HIT on long-term outcomes in patients 321 
with severe motor deficits early post-stroke, particularly as compared to more traditional 322 
interventions.  323 
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Figure Legends 428 
Figure 1. Stepping activity at specific levels of locomotor recovery at discharge, including those 429 
with LoA≤3, LoA=4, LoA≥5 but <0.4 m/s, 0.4-0.8 m/s, and ≥0.8 m/s.  The x-axis is provided for 430 
days of length of stay; average stepping in the first week is indicated at day 7 (end of first week) 431 
at day 14 for the second week (end of second week) and at the day of discharge for the last week. 432 
Error bars are standard deviations. 433 
 434 
Figure 2. Logistic regressions for recovery of unassisted walking ability at admission (A) and 435 
using 1-week outcomes (B).  Clinical approximations are provided with changes in the number 436 
of predictors and x-axes at admission (C) and using 1-week outcome (D).  437 
 438 
Table 1.  Participant demographics, clinical characteristics and training parameters [values as 
median (IQR) or count (%)]. Duration post-stroke indicates days from stroke onset to admission 












  age (y) 62 (52-71) 63 (54-72) 60 (50-71) 
  gender: male  158 (61%) 73 (63%) 85 (60%) 
  lesion location: right 109 (42%) 50 (43%) 59 (42%) 
left 103 (40%) 44 (38%) 59 (42%) 
bilateral 45 (18%) 22 (19%) 23 (16%) 
  distribution: cortical 113 (44%) 51 (44%) 62 (45%) 
subcortical 48 (19%) 24 (21%) 24 (17%) 
subtentorial 46 (18%) 21 (18%) 25 (18%) 
multiple/unknown 47 (19%) 19 (17%) 28 (20%) 
  lesion type: ischemic 164 (64%) 72 (62%) 92 (65%) 
hemorrhagic/unknown 93 (36%) 44 (38%) 49 (35%) 
   duration post-stroke 13 (8-26) 17 (10-36)* 12 (7-21)* 
   Charlson Comorbidity Index 1 (0-2) 1 (0-2) 1 (0-2) 
Baseline assessments     
  paretic leg strength 2.0 (0.3-3.1) 0.6 (0.0-2.0)* 2.5 (1.3-3.7)* 
  BBS 5 (3-8.5) 3 (1-5)* 6 (4-18.5)* 
  FIM-Walk 1 (0-1) 1 (0-1) 1 (0-1) 
  FIM-Transfers 3 (2-4) 1 (0-2)* 3 (2-4)* 
  FIM-Toilet transfers 2 (0-3) 2 (0-3) 2 (1-3) 
Training interventions    
  length of stay 30 (24-38) 33 (28-40)* 29 (23-38)* 
  PT sessions 33 (26-42) 34 (27-42) 33 (26-44) 
  PT sessions/day 1.1 (0.9-1.2) 1.0 (1.0-1.1) 1.1 (1.0-1.3) 




Table 2. Outcomes at admission, week 1 and at discharge for primary balance and locomotor 
outcomes. (data presented as median [IQR}) 
 
 
LOA≤4 at admission 
(n=257) 
LOA≤4  at discharge 
(n=116) 
LOA≥5 at discharge 
(n=141) 
BBS 
  admit 5 (3-9) 3 (1-5) 6 (4-19) 
  week 1 7 (4-22) 4 (3-6) 20 (7-33) 
  discharge 26 (8-43) 6 (4-17) 41 (31-47) 
10MWT 
  admit 0 (0-0.12) 0 (0-0) 0.08 (0-0.23) 
  week 1 0.08 (0-0.33) 0 (0-0.07) 0.25 (0.07-0.51) 
  discharge 0.31 (0.06-0.71) 0.07 (0-0.18) 0.63 (0.38-0.95) 
6MWT 
  admit 7 (0-23) 1 (0-9) 16 (6-44) 
  week 1 21 (5-92) 8 (0-20) 75 (20-168) 
  discharge 96 (23-236) 20 (0-53) 213 (117-317) 
6MWT LoA 
  admit 2 (1-3) 1 (1-2) 3 (2-4) 
  week 1 3 (2-4) 2 (1-2) 4 (3-5) 
  discharge 5 (3-5) 3 (1-4) 5 (5-5) 
 
 
Table 3. Correlation analyses of demographics, baseline clinical characteristics and training 




BBS 10MWT 6MWT LOA 
Demographics     
  age -.20 -.16 -.15 -.12 
  duration post-stroke -.24* -.24* -.25* -.26* 
Baseline characteristics     
  paretic strength .43* .46* .46* .45* 
  admit BBS .60** .59* .57* .60* 
  admit 10MWT .49** .58* .55* .46* 
  admit 6MWT .55** .60* .61* .55* 
  admit 6MWT LoA .51** .54* .57* .54* 
Training characteristics     
  length of stay -.12 -.18 -.17 -.15 
  PT sessions .05 .00 .02 -.01 
  steps/day .75* .81* .83* .74* 
 
Table 4.  Cut-off thresholds (area under the curve) for ROC analyses for each locomotor 
threshold for functional mobility. 
 
 
LoA≥4 LoA≥5 ≥ 0.4 m/s ≥ 0.8 m/s 
Demographics/bassline characteristics 























Outcomes – admit  




































Outcomes – week 1 



























  6MWT LoA 
2.5 
0.90 (0.86-0.93) 
2.5 
0.87 (0.83-0.91) 
3.5 
0.83 (0.77-0.88) 
3.5 
0.79 (0.73-0.86) 
 


